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Abstracts 
Design and operation of long-distance pipeline are complex engineering tasks. Even small improvement in the design 
of a pipeline system can lead to substantial savings in capital. In this paper, graph theory was used to analyze the 
problem of pipeline optimal design. The candidate pump station locations were taken as the vertexes and the total 
cost of the pipeline system between the two vertexes corresponded to the edge weight. An algorithm recursively 
calling the Dijkstra algorithm was designed and analyzed to obtain N shortest paths. The optimal process program 
and the quasi-optimal process programs were obtained at the same time, which could be used in decision-making. 
The algorithm  was tested by a real example. The result showed that it could meet the need of real application. 
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Introduction 
Design and operation of long-distance pipeline are complex engineering tasks. Even small 
improvement in the design of a pipeline system can lead to substantial savings in capital. This makes the 
optimization of design of pipeline an important task. However, there is not an efficient algorithm available 
for the optimal design of pipeline. At present, designers firstly optimal design the pipeline, determine the 
diameter of the pipeline, the number of the pump stations along with their locations and suction and 
discharge pressure at each station, and so on. Then adjust the location of the pump station according to the 
real situation. The optimal solution has to be adjusted according to the new locations of the pump station. 
It’s difficult to get an optimal solution by using this kind of method.  
This paper presents a new methodology in optimal design of the pipeline. Based on considerations of 
traffic, water supplies and other factors, many possible locations are specified as candidate positions for 
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pump station. Designers choose some places as the final locations of the pump station based on the 
hydraulic calculation and economical consideration. The optimization problem of pipeline is described in a 
directed edge weight graph; and graph theory is used to analyze the problem. The possible pump station 
locations are taken as the vertexes and the total cost of the pipeline system between the two vertexes 
associated with the edge-weight. According to the value scope of the design pressure and diameter, arc 
connected between the vertexes is determined. If there is no arc connection, the edge-weight is assumed to 
be infinite. 
Formulation of the optimization problem 
The shortest path is a representative problem in the Graph theory. G is a directed edge-weight graph. 
Every arc has a weight, s is origin vertex and t is destination vertex. A is the set of arc, A V V. 
Associated with each arc (i, j) V, there is a positive arc length wij . Let R be the set of all paths from the 
origin vertex s to the destination vertex t. If P R , the length of P is defined as Len(p)=
pji
ijl
),(
, Thus, the 
shortest path can be mathematically stated as follows: p*=min
pji
ij
Rp
lp
),(
 
The shortest path solution is finding the shortest path from a fixed origin vi to a specified vertex vj  in a 
graph. Usually, the minimum total cost in the life span is the object function for the pipeline optimal design, 
so the shortest path from the origin vertex to the terminal vertex corresponds to the minimum total cost for 
the pipeline system. In practice, the designer usually expects to obtain a few process programs at the same 
time, which could be used in decision-making. So it is necessary to expand the shortest path to N shortest 
paths. N shortest paths are N paths that include the shortest one, the one inferior to the shortest one, etc. 
Fig1 sketches the optimal design problem of products pipeline with 8 possible pump station locations. 
 
Figure 1.  Shortest Path Problem of Pipeline Optimal Design  
Model 
For the pipeline, the delivery station, input (feed) station and some places where traffic is convenient 
are the possible locations of the pump station. Based on the following hypothesis, the total cost 
corresponded to arc length between two vertexes is calculated. 
Take the delivery station as the interval point, and divide the pipeline into many pipe segments. Pipe 
segments between the delivery stations have the same diameter. 
 Calculation are made based on the most viscous fluid 
 Every delivery station takes continuous uniform way to deliver the fluid. 
 The pipeline system is assumed to be isothermal, and accordingly no temperature calculations are 
performed. 
 Don’t take into account the cost of pressure reduction equipments 
The total cost function consists of two parts, which the first is initial investment cost and the second is 
operating cost. The initial investment cost includes the pipeline initial cost and pump station initial cost  
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Operating cost consists of the following item: present value of pipeline maintenance cost, present value 
of pump station maintenance and operating cost, and present value of power cost. 
Solution Procedure 
We break down the optimization problem into two sub problems. One is to ascertain the edged-weight 
and obtain the optimal diameter or combination of the diameters. The other is to obtain N shortest path 
corresponded to N process programs.  
A. Ascertain the edge-weight  
For optimal design of pipeline with (n+1) possible pump station locations and (m) delivery stations, the 
vertex is orderly marked according to the distance to the initial station. The initial station is assumed to be 
the origin vertex, and the terminal station is the destination vertex (n). The length of pipe segment between 
delivery stations is lk, the flux of every pipe segment is Qk. From origin to terminal orderly obtain the 
diameter or combination of the diameters with the minimum total cost. If (i) is the origin vertex and (j) is 
the destination vertex, the procedure of calculation edge weight can be summarized by the following steps: 
Step 1: According to the velocity constraint, the scope value of the diameter for each pipe segment can 
be determined  
 Dkmin Dk Dkmax   k=1,2, ,m  
Step 2: Initialization. wij= P0=Pmin Dk0=min{Dk-1 Dkmax}, P0 denotes the initial design pressure. 
Dk0 denotes the initial diameter for the pipe segment (k), for the origin vertex (0), D00=D0max Dkyy= Dk0, 
Py=P0 Dkyy denotes the optimal diameter for the pipe segment (k) and Py denotes the optimal design 
pressure. When (i) doesn’t locate at the delivery station, the diameter of pipe segment where vertex (i) 
located equal to the arc with (i) as the destination vertex determines. 
Step 3: Hydraulic calculation. If the calculated pressure P is larger than Pmax, then go to step 9  
Step 4: If the calculated pressure P is smaller than Pmin, then go to step 9 or else go on. 
Step 5: Perform a search for the optimal diameter or combination of the diameters for the pipe 
segments between the vertex (i) and (j), which make the least total cost. Cp denotes the minimum total cost. 
Dky  denotes the optimal diameter under condition of design pressure P.  
Step 6 : if CP<wij , then wij=Cp Dkyy=Dky Py=P; 
Step 7: P=P+ P, if P<Pmax, go to step 5. P is the increment of the design pressure. 
Step 8: Output the edge-weight, diameter and design pressure 
Step 9: end. 
B.  Obtain N shortest paths 
The problem of the pipeline optimal design is similar to the equipment updating in the operation 
research, which can be solved by graph theory. The well-known algorithm is the Dijkstra Applying this 
algorithm can compute every shortest path to the destination vertex from the same origin vertex. 
Suppose that the vertex j has a pair of label (dj,bj),dj means the shortest path from origin vertex to the 
destination j and bj denotes the preceding vertex from origin vertex (0) to the destination vertex  j.  
Suppose (d) represents the length from origin vertex to the destination (j). if (j) is the origin vertex, the 
length is zero. 
The basic procedure can be described as following: 
Initialization, d0=0, b0=null. di= , bi=? i=1,2, , n ; k=0, labels point 0 
Compute the length of the labeled vertex (0) to the unlabeled vertex j, dj=min[dj, dk+wkj], wkj is the 
edge-weight of the arc(i,j). 
Select the next vertex from all unlabeled vertexes, di=min[dj ,j unlabeled vertex], look for the 
preceding vertex j* connected with i form all the unlabeled vertex. bi=j* 
 Label vertex i. k=i. Repeatedly check whether all vertexes have been labeled, if not,  go to step 2. 
 Output d0,1, d0,2, , d0,n-1, d0,n,. 
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N shortest paths can be obtained by recursively calling the Dijkstra algorithm, usually N<5. From initial 
station 0 to the terminal station n, N shortest path can be solved by the following procedure. 
 Suppose bn=r  
 Apply Dijkstra algorithm to obtain dq0,n, ,dz0,n  
(q0, ,z0) are the vertexes have arc connected with vertex (0)  
d0,n:{d0,q0+dq0,n, ,d0,z0+dz0,n}  
Arrange d0,n in the increasing order according to the length and obtain N shortest paths. 
 Apply Dijkstra algorithm to obtain d0,r and dr,n  
d0,r:{d0,q0+dq0,r, , d0,z0+dz0,r}  dr,n:{dr,qr+dqr,n, ,dr,zr+dzr,n}. 
(qr, ,zr) are the vertexes that have arc connected with vertex (r)
Summation d0,r and dr,n, and arrage it in the increasing order. 
 Take the summation of the d0,r dr,n, into the d0,n, and rearrange d0,n can obtain N shortest paths If 
the xth shortest path has a preceding vertex bn=q q r , then r=q N N-x Repeat until obtain N shortest 
paths. 
Based on the characteristic of the products pipeline, the third step can be omitted by applying Dijkstra 
to compute the shortest path. The vertex (i) can obtained without comparisons owing to di<di+1.  
Case Study 
Take the South-West products pipeline as the real example to explain the process of computation. The 
pipeline elevation profile and the possible locations of pump station are shown in Figure 2. The basic 
parameters contributing to the computing are shown in table 1 to 3. The pipeline transports regular gasoline, 
premium gasoline and diesel fuel. Under condition of X60 pipe grade, the optimal design is performed. 
The value of arc is shown in Figure 2 with a unit of hundred million yuan. Owing to the large 
gurgitation on the second half part of the elevation, there is only one arc connect between two vertexes  
 
Figure 2.  The directed edge-weight graph of pipeline 
The vertexes of the shortest path is V0 V1 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13
V14 V15. the length of the path is 23.76 hundred million yuan; The second shortest path is V0 V1 V4
V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15, the length of the path is 23.79 hundred 
million; The third shortest path is V0 V2 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14
V15, the length of the path is 23.83 hundred million yuan. The final process program is consistent with the 
shortest path, and locations of the pump station are V0 V1 V3 V4 V5 V6 V7 V8 V9 V10 V11
V12 V13 V14 V15.  
Conclusions 
Under condition of the possible locations of the pump station are determined, this paper applied 
directed edge-weight graph to describe the optimization problem of the products pipeline, and graph theory 
is used to analyze the problem. Algorithm recursively calling the Dijkstra algorithm was designed and 
analyzed to obtain N shortest paths corresponded to N optimal and quasi-optimal process programs. 
Applied this method can avoid adjustment the locations of the pump station,  
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and more fit the need of the engineering. It also can be extended to the other long-distance oil or gas 
pipeline optimal design. 
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